We explore the relation between oil price changes and earnings as well as how the market reacts to oil-related earnings. We show that sales and expenses both increase with oil prices, but that earnings decrease with oil prices. Furthermore, the market reacts more strongly to unexpected changes in earnings that are associated with oil prices relative to unexpected changes in earnings that are not associated with oil prices. This effect varies significantly across industry, time, and firm characteristics. The market's reaction to oil-related earnings is stronger when (i) a firm's sales are less sensitive to oil prices, (ii) a firm's expenses are more sensitive to oil prices, (iii) oil prices are higher and less volatile, (iv) discount rates are lower, and (v) equity market hype and uncertainty are higher. Our findings prescribe caution in making uniform interpretations about the effects of oil prices on a firm's performance and stock price.
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"The oil market is far more noise than signal. But right now it's the only sound investors seem able to hear" (James Surowiecki, The New Yorker 2/8/2016).
Introduction
Oil prices rally and stock prices rise; oil prices slide and stock prices rise…or fall?
1 The financial media frequently explains daily stock price movements using oil prices and offers inconsistent arguments while doing so, despite the near-zero historical correlations between daily oil prices and stock market indices (Huang, Masulis, and Stoll 1996) . Such confusion has become more salient given the high volatility in oil prices during the last two decades, which at times mirrors the volatility observed during the renowned 1973 and 1979 oil crises. Extant research discusses complicated and largely negative effects of oil prices on many sectors of the economy (Baumeister and Peersman 2013; Kilian 2008) . Nevertheless, these studies focus on macroeconomic variables, such as GDP or industry outputs, and ignore the idiosyncratic and non-stationary nature of the effects of oil prices on an individual firm's performance and stock prices.
We attempt to fill this void through two sets of analyses using all firms listed on the major U.S. stock exchanges between the years 1991 and 2015. First, we explore how an individual firm's quarterly performance (sales, expenses, and earnings) changes with oil prices.
Second, we explore how the stock market reacts to the sensitivity of an individual firm's performance to oil prices. The nature of our firm-and quarter-specific analyses enables us to document clear links from oil prices to a firm's performance and from a firm's oil-related performance to stock prices.
earnings components. For this analysis, we follow the contemporaneous return-earnings association model introduced by Collins, Kothari, Shanken, and Sloan (1994) , which differentiates between expected and unexpected changes in earnings. We find that a firm's quarterly stock returns increase by 1.73% in response to an unexpected 1% increase in oil-related earnings during the same quarter. In comparison, a firm's quarterly stock returns increase by 1.53% in response to an unexpected 1% increase in non-oil-related earnings during the same quarter. Put differently, the market reacts about 13% more strongly to unexpected changes in oilrelated earnings than to unexpected changes in non-oil-related earnings.
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The market's reaction to unexpected changes in oil-related earnings varies by a firm's input/output structure, the level of oil prices, and investor sentiment. The market's reaction to oil-related earnings is stronger when a firm's sales are less sensitive to oil prices and when a firm's expenses are more sensitive to oil prices. That is, the market places relatively less (more) weight on oil-related performance of oil producers (oil consumers). Furthermore, the market's reaction to oil-related earnings is stronger when oil prices are higher and less volatile; when economic opportunity costs, as measured by T-bill yields, are lower; and when equity market hype, as measured by historical P/E ratios, and uncertainty, as measured by volatility in stock prices, are higher.
Our paper builds on and connects the seemingly distinct literatures on the macroeconomic effects of and stock market reactions to oil price fluctuations. The economics literature finds that higher oil prices reduce discretionary income and consumer spending (Pescatori and Mowry 2008; Edelstein and Kilian 2009) , decrease economic output (Lee and Ni 2002; Hamilton 1983) , and reduce capital investments in many countries (Jones and Kaul 1996) . 4 Similarly, the market reacts more strongly to changing expectations about next quarter's oil-related earnings relative to changing expectations about next quarter's non-oil-related earnings.
We extend these findings and demonstrate real performance effects of oil prices for individual companies. On average, higher oil prices increase both sales and expenses, but reduce earnings.
The finance literature identifies changes in oil prices as an important determinant of stock returns (Ferson and Harvey 1993) . Yet the directional relation between oil prices and stock returns is unclear and sensitive to sample characteristics. Huang et al. (1996) document a weak and positive correlation between changes in oil prices and stock returns in the oil industry, but not in other industries; Chen, Roll, and Ross (1986) find that changes in oil prices do not affect valuations of U.S. stocks. Narayan and Sharma (2011) document significant relations between changes in oil prices and stock returns in only five out of 14 economic sectors. Driesprong, Jacobsen, and Maat (2008) show a worldwide negative correlation only between lagged changes in monthly oil prices and monthly stock returns, suggesting gradual information diffusion about the effects of oil. Overall, the prior finance literature studies the correlation between changes in oil prices and stock returns. We take a different approach and first examine the real effects of changes in oil prices on a firm's earnings and then explore how stock markets react to these real effects. We find that stock returns exhibit a stronger relation with changes in oil-related earnings relative to changes in non-oil-related earnings. In sum, we are the first to document a negative overall correlation between oil prices and firm's earnings, which varies across industries and time. We are also the first to document a stronger market reaction to changes in oil-related earnings relative to changes in non-oil-related earnings.
The paper is organized as follows. The next section discusses the prior literature and presents hypotheses. Section 3 presents the sample. Section 4 discusses the sensitivity of a firm's performance to changing oil prices. Section 5 examines the market's reaction to a firm's oil-related earnings. Section 6 concludes.
Related Literature and Hypotheses Development
Oil has been an essential input for transportation and industrial activity for the last two centuries (Hamilton 1983) . The effects of oil price fluctuations are easy to observe even in today's diversified economies, such as in Houston's real estate prices, initial fortunes and subsequent demise of small shale oil and fracking firms, and North Dakota's declining economy as a result of plummeting oil prices. Consequently, economists and investors closely watch oil prices, which are notoriously difficult to predict (Baumeister and Killian 2016) . The financial media discusses oil prices and their effect on the economy and the stock market on a daily basis.
The academic literature has also produced a number of findings on the oil markets. Our paper builds on and connects two streams of literature: the first examines macroeconomic effects of oil prices, and the second examines stock price reactions to oil prices.
Prior Literature on the Macroeconomic Effects of Oil Prices
The relation between oil prices and the economy is multi-faceted. Oil prices affect the wealth and consumption of individuals as well as investment and production of firms through various dynamics (Edelstein and Kilian 2009) . We highlight four distinct dynamics explored in the literature. First, given that gasoline comprises up to 5% of U.S. household expenditures (Pescatori and Mowry 2008), high oil prices reduce discretionary income and consumer demand for oil and other goods. Furthermore, individuals and firms increase precautionary savings in response to increasing oil prices, further reducing demand (Cherif and Hasanov 2012) .
Consequently, oil price increases reduce current and future output in many industries (Hamilton 1983; Lee and Ni 2002) . Second, high oil prices shift consumer demand and production from oil-intensive goods to less-oil-intensive goods (e.g., from SUVs to compact cars). Third, oil price shocks result in asymmetric employment growth and job reallocation, thereby affecting consumption and production patterns (Davis and Haltiwanger 2001) . Finally, besides price levels, volatility in oil prices prompts consumers to postpone purchases of durables (Bernanke 1983 ) and firms to reduce investment (Elder and Serletis 2010) .
A number of studies argue that the real effects of oil prices, which are negative on average, have declined during the last decades (Hughes et al. 2008; Dargay and Gately 2010) .
For instance, oil supply shocks do not explain recessions and inflation since the 1970s (Baumeister and Peersman 2013) . Similarly, an unanticipated 1% increase in oil prices reduced real consumption by 0.30% before the mid-1980s, and by only 0.08% after (Edelstein and Kilian 2009 ). The recent drop in oil prices resulted in a net zero effect on real growth in GDP. Such muted effects are attributed to countervailing effects of changes in oil prices on the oil industry, which comprises a large portion of the U.S. economy, versus the rest of the economy (Baumeister and Kilian 2017) . Furthermore, relatively higher growth of services, high-tech goods, and other less oil-intensive industries as well as improved energy conservation since 1970s lead to reduced sensitivity of GDP to oil prices (Greenspan 2005) .
Prior Literature on the Stock Price Reactions to Oil Prices
Several studies examine the effects of oil prices on financial markets. Chen et al. (1986) show that oil betas are not significant in equity pricing tests, even in periods of volatile oil prices.
In contrast, Ferson and Harvey (1993) find that including changes in oil prices enhances the explanatory power for stock returns above and beyond country level betas. Driesprong et al. (2008) find that the association between oil prices and stock returns is negative in developed countries but null in developing countries. Jones and Kaul (1996) show that changes in oil prices move stock prices in the U.S. and Canada, and more so in the U.K. and Japan. Bailey and Chan (1993) find that heating oil futures are positively correlated with bond spreads, negatively correlated with dividend yields, but are not correlated with stock returns.
Similarly, Huang et al. (1996) find no significant correlation between oil futures (or oil price volatility) and stock indices. However, they do find a statistically significant, but economically small, correlation in the oil sector. Narayan and Sharma (2011) find different associations between oil prices and stock returns across industries. Except for energy and transportation, all industries have a negative relation between oil prices and stock returns. 5 Finally, the relation between oil price and stock returns is positive (negative) for small (large) firms.
In sum, several studies find no relation or weak and negative relations between oil prices and stock returns. The findings are sensitive to sample construction. At the same time, these studies largely ignore firm-and time-specific performance effects of changes in oil prices. We contribute to this literature by analyzing the relation between stock returns and changes in oilrelated earnings at the individual company-quarter level. By doing so, we document clear links from oil prices to an individual firm's performance and from a firm's oil-related performance to stock returns.
Oil Prices and Corporate Earnings
As discussed above, oil prices affect consumer and corporate actions in various ways.
The oil prices directly affect revenues and expenses of firms in the oil and gas industry (roughly 600 public and 50,000 private firms in the U.S.) Moreover, oil prices indirectly affect revenues and expenses of firms in other industries due to changes in consumption patterns and costs as well as macroeconomic shifts, such as wealth transfers and job reallocation across regions and population segments. 
Changes in Oil-Related Earnings and Stock Returns
Our next hypothesis relates to how the stock market assesses oil's impact on firm performance. Specifically, we examine the association between stock returns and contemporaneous oil and non-oil related earnings. If the market equates a dollar of oil-related earnings to a dollar of non-oil related earnings, then we should find no difference in how returns respond to the two streams of earnings.
Given the prevalence of oil prices and oil-related developments in the media and investor attention devoted to oil-related news and the pervasive effects of oil prices on specific firms, markets could be more sensitive to oil-related earnings than non-oil-related earnings. In addition, financial markets are subject to investor hype and sentiment. For instance, investors can create price volatility around zero-information events by overreacting to noise (Hales, Kuang, and Venkataraman 2011; Lee, Shleifer, and Thaler 1991; Barberis, Shleifer, and Vishny 1998) . In contrast, investors can underreact to value-relevant information such as earnings announcements (Bernard and Thomas 1989) . How the stock market reacts to information depends on the characteristics of both the information and investors. Daniel, Hirshleifer, and Subrahmanyam (1998) posit that investors overvalue private information and undervalue public information. We might expect that investors underreact to current and past news in oil prices (public information). However, the case of oil is more complex, because oil prices and their consequences are not easily predictable, creating noise and uncertainty about the implications of oil price changes on future earnings of a firm.
In sum, the market's assessment of the effect of oil prices relative to the other drivers of earnings depends on a number of factors such as the firm's input/output structure, oil price levels, and investor sentiment. In general, the market must react to earnings growth and not the source of earnings growth. Therefore, we present our hypothesis about the market's reaction to the effects of oil prices in null form:
H2:
The market reacts similarly to firm's oil-related and non-oil-related performance.
Sample
We gather financial statement data from the Compustat fundamental quarterly database and stock returns from the CRSP daily returns database. We gather daily West Texas
Intermediate Crude Oil (WTI) prices, which is the leading oil price indicator in the U.S., from as Oilt /Oilt-1 -1 for each firm and quarter. Average (median) ΔOilt is 1.7% (2.6%).
We calculate the quarterly stock return, Rett, by compounding a firm's daily stock returns during quarter t. The mean (median) Rett is 3.6% (1.8%). The sample firms have mean (median) total assets, Assets, of $7.6 billion ($334 million), mean ( We define ΔRawSalest as RawSalest net of RawSalest-1 deflated by total assets at the end of quarter t-1. ΔRawExpensest and ΔRawEarningst are defined similarly. In order to mitigate the effect of outliers, we winsorize Rett, ΔRawSalest, ΔRawExpensest, and ΔRawEarningst at the 1 st and 99 th percentiles of the sample distribution. The mean ΔRawSalest, ΔRawExpensest, and ΔRawEarningst are 0.4%, 0.2%, and 0.2%, respectively, whereas medians of these variables are smaller at 0.1%, 0.1%, and 0.0%, respectively.
We adjust for seasonal changes in a firm's sales, expenses, and earnings, because ignoring seasonal variation in quarterly changes in performance could confound the empirical findings. Note that oil prices do not exhibit a seasonal variation and thus are not adjusted. In each 16-quarter window, we adjust sales, expenses, and earnings using the following firm and quarter-specific models: ΔRawSalest = α1 + α2 Q2t + α3 Q3t + α4 Q4t + εt (1a) ΔRawExpensest = α1 + α2 Q2t + α3 Q3t + α4 Q4t + κt (1b) ΔRawEarningst = α1 + α2 Q2t + α3 Q3t + α4 Q4t + υt (1c) where Q2, Q3, and Q4 are dummy variables that are one if quarter t is the second, third, and fourth fiscal quarter of a firm, respectively, and zero otherwise. Firm subscripts i are suppressed for brevity throughout the paper. The coefficients α1, α2, α3, and α4 capture seasonal averages in changes in a firm's performance during the 16 quarters that end with quarter t. The residuals, εt, κt, and υt, capture seasonally-adjusted changes in a firm's performance. We label εt, κt, and υt as ΔSalest, ΔExpensest, and ΔEarningst, respectively. The seasonally-adjusted changes are slightly higher than changes in unadjusted performance. The mean ΔSalest, ΔExpensest, and ΔEarningst are 0.5%, 0.4%, and 0.2%, respectively, whereas their medians are 0.2%, 0.2%, and 0.0%.
Earnings and Oil Prices
Hypothesis 1 pertains to the relation between changes in oil prices and a firm's performance. We test Hypothesis 1 for each firm i and quarter t by examining the sensitivity of firm i's quarterly sales, expenses, and earnings to oil prices during a window of 16 quarters that ends at quarter t. This firm-and quarter-specific analysis allows for oil price sensitivities to differ not only across firms but also across time for an individual firm due to the changing business model of the firm and thus changing sensitivity of its performance to oil prices.
To test Hypothesis 1, we regress seasonally-adjusted changes in a firm's performance on changes in oil prices during the current quarter and past three quarters. These firm-and quarterspecific regressions are performed using the 16-quarter windows that end at quarter t: ΔSalest = β0 + β1 ΔOilt + β2 ΔOilt-1 + β3 ΔOilt-2 + β4 ΔOilt-3 + εt (2a) ΔExpensest = β0 + β1 ΔOilt + β2 ΔOilt-1 + β3 ΔOilt-2 + β4 ΔOilt-3 + κt (2b) ΔEarningst = β0 + β1 ΔOilt + β2 ΔOilt-1 + β3 ΔOilt-2 + β4 ΔOilt-3 + υt (2c) 13 The coefficients β1, β2, β3, and β4 measure the sensitivity of a firm's performance to changes in oil prices during the current quarter and prior three quarters. Unreported sensitivity analyses indicate that changes in oil prices beyond one year do not significantly affect a firm's quarterly performance, therefore effects beyond one year are ignored. Table 2 reports the descriptive statistics for the estimated coefficients of Equations (2a) to (2c). Throughout our analyses, we use median coefficients in interpreting economic relations.
While mean coefficients are qualitatively similar and often larger in magnitude, median coefficients are less likely to be confounded by econometric issues such as outliers and should be more representative of a typical firm.
When the dependent variable is ΔSalest, the median of coefficients β1, β2, β3, and β4 are 0.32%, 0.10%, 0.03%, and 0.03%, respectively, and statistically significant. Quarterly increases in oil prices unequivocally increase sales, the major effect coming from the increase in oil prices during the current quarter. The sum of the coefficients, ΣSales, is 0.50%, suggesting that a 1% increase in oil prices in one quarter increases a firm's sales by 0.005% over the year starting with that quarter. When the dependent variable is ΔExpensest, the median of coefficients β1, β2, β3, and β4, are 0.25%, 0.17%, 0.04%, and 0.10%, respectively, and statistically significant. Similar to the effect of sales, increases in oil prices unequivocally increase expenses, the major effect coming from the increase in oil prices during the current quarter. The sum of the coefficients, ΣExpenses, is 0.64%, suggesting that a 1% increase in oil prices in one quarter increases a firm's quarterly expenses by 0.0064% over the year starting with that current quarter.
When the dependent variable is ΔEarningst, the median of coefficients β1, β2, β3, and β4 are 0.05%, -0.04%, -0.001%, and -0.03%, respectively. The medians except that for β3 are statistically significant. The coefficients suggest that a quarterly increase in oil prices increases net income during the current quarter, but it decreases net income during the subsequent quarters.
The annual effect of a quarterly increase in oil prices, ΣEarnings, is negative at -0.03%, and statistically significant. A 1% increase in oil prices in one quarter decreases a firm's earnings by 0.0003% over the year starting with that current quarter.
Sensitivity Checks
We perform the following tests to determine robustness of our results. First, we replace ΔEarningst with change in operating cash flows, ΔOCFt, in order to test whether the findings are driven by a firm's cash flows or accruals. The one-year cumulative effect of oil prices on cash flows, ΣCFO, is negative at -0.07%, which is larger than the one-year cumulative effect of oil prices on earnings, ΣEarnings. Therefore, the sensitivity of earnings on oil prices is not an artifact of accruals, but rather a reflection of sensitivity of operating cash flows on oil prices.
Second, we divide the sample into subsamples with negative and positive earnings at quarter t (130,305 and 286,631 observations, respectively). Median ΣEarnings are negative and significant for both segments at-0.16% and -0.02%, and economically more significant for the subsample with negative earnings. Third, we divide the sample into terciles of the dependent variable, earnings growth ΔEarningst. Median ΣEarnings are negative and significant for low, mid, and high ΔEarningst terciles (-0.18%, -0.01%, and -0.09%), and economically more significant for the low ΔEarningst tercile.
Third, in order to address concerns on survivorship bias, we use only one observation, which is computed as the average or median quarterly coefficients of Equation (2c), for each company. Median ΣEarnings remains significant and negative at -0.08% when average of the coefficients are used per company and -0.05% when median of the coefficients are used per company.
Finally, successive cohorts of firms have distinct business models and earnings properties (Srivastava 2014; Bushman, Lerman, and Zhang 2016) . To investigate whether the findings are an artifact of a specific cohort, we divide the sample into three subgroups (seasoned firms that existed in 1991, firms that were incorporated between 1992 and 2002, and firms that were incorporated after 2003). We use one observation (median of quarterly coefficients) for each company in the sample. Median ΣEarnings are -0.07%, -0.03%, and -0.06% for the above cohorts, respectively. Therefore, the tabulated results are not an artifact of a specific cohort of companies.
Earnings and Oil Prices across Industries
The sensitivity of a firm's performance to oil prices likely varies across industries and time.
In this section, we analyze this cross-sectional variation to assess statements in the financial media regarding across-the-board effects of oil prices. words, performance-oil sensitivities are even stronger than those reported above for half of the sample. Overall, the sensitivity of a firm's performance to oil prices are different across industries, varying with factors such as whether the industry is a net oil producer or oil consumer. Significant differences also exist across industries in how much of oil-generated revenues are accompanied by oil-related expenses. These differences suggest caution in making uniform interpretations of the sensitivity of corporate performance on oil prices.
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We explore the sensitivity of performance on oil prices using finer industry sectors. We identify 20 SIC 4-digit industries that are directly oil related and designate each as upstream, downstream, customer, or oil royalty trader. 9 Table 3 , Panel B ranks median sum of ΣSales, 8 Similarly, sensitivities of firm performance on oil prices vary across states. Only 4 states (Texas, Colorado, Missouri, and Pennsylvania) out of the 20 most populous states in the U.S. exhibit positive correlations between oil prices and earnings. 9 The oil and gas industry is usually divided into upstream and downstream sectors. The upstream sector refers to the exploration of underground or underwater crude oil and natural gas fields as well as drilling and operating wells that bring crude oil and raw natural gas to the surface. The downstream sector refers to the refining of petroleum crude oil and processing and purifying of raw natural gas as well as marketing and distribution of products derived from crude oil and natural gas. relatively lower sales-oil sensitivity, higher expense-oil sensitivity, and consequently lower earnings-oil sensitivity. Finally, Oil Royalty Traders, which invest in oil and gas royalties and leases, benefit the most from higher oil prices. A 1% quarterly increase in oil prices increase these firms' annual sales by 0.3% and annual earnings by 0.2%. Although it is hard to make general conclusions from such a short period, the positive ΣEarnings in recent years likely results from increased domestic oil production and reduced imports.
Earnings and Oil Prices across Time

Market Reaction to Oil-Related Earnings
Hypothesis 2 predicts that the market reacts similarly to a firm's oil-related and non-oilrelated earnings. We test Hypothesis 2 by modifying the contemporaneous return-earnings association model that is introduced by Collins et al. (1994) where k denotes years 1, 2, or 3. Equation (3) emphasizes that stock returns during year t should be driven by the new earnings-related information that arrives during year t. This information can be about unexpected changes in earnings during year t and/or changes in the market's expectations during year t regarding one-to three-year-ahead earnings. The empirical shortcoming with Equation (3) is that we cannot observe the market's expectations of earnings.
To overcome this problem, Collins et al. (1994) use realized changes in earnings instead of the market's expectations of changes in earnings, and mitigate the resulting errors-in-variables problem by using proxies for measurement errors (Equation (6), page 297):
Rett = β0 + β1 ΔEarningst + Σk βk+1 ΔEarningst+k + β5 E/Pt-1 + β6 Invt + Σk βk+6 Rt+k + εt (4) In this model, the earnings-to-price ratio, E/Pt-1, proxies for the market's expectations about ΔEarningst at the beginning of year t; current investment growth, Invt, proxies for managers' expectations about ΔEarningst during year t; and future stock returns, Rt+k, proxies for ΔEarningst+k that was unexpected during year t. These proxies are not related to Rett, but to expectations on ΔEarningst. Therefore, they serve to mitigate measurement errors resulting from using realized changes in earnings instead of expected changes in earnings. Consequently, the coefficients on ΔEarningst and ΔEarningst+k in Equation (4) measure the market's reactions during year t to the unexpected change in earnings and changing expectations about future changes in earnings.
In order to test Hypothesis 2, we make the following modifications to the Collins et al. (1994) model. First, instead of annual data, we use seasonal-adjusted quarterly data to exploit a richer variation in oil prices, earnings, and stock returns. Second, we distinguish between changes in oil-related and non-oil-related earnings. Therefore, we can evaluate whether the market reacts differently to changes in oil-related and non-oil-related earnings.
For each 16-quarter regression window of firm i and quarter t, we first use Equation (2c) to compute changes in a firm's earnings during quarter t that can be predicted by changes in oil prices during quarters t, t-1, t-2, and t-3. We call the predicted value of Equation (2c) . Using the same 16-quarter window, we then perform the following regression:
Equation (5) also includes one-quarter-ahead changes in oil-related and non-oil-related
earnings, ΔEarningst+1
Oil and ΔEarningst+1
Non-Oil
. These variables proxy for changing market expectations during quarter t regarding the change in oil-related and non-oil-related earnings during quarter t+1. We do not include earnings and returns beyond one quarter, given that oil prices are unpredictable beyond the current quarter. Similar to Collins et al., Equation (5) includes E/Pt-1 and Rett+1 to control for measurement errors arising from using realized-instead of expected-changes in earnings. Equation (5) does not include Invt, which proxies for managers' earnings expectations, because of a large number of observations with missing values.
Consequently, we focus on comparing ΔEarningst
Oil and ΔEarningst
Non-Oil
, i.e., unexpected changes in earnings during quarter t that are and are not associated with oil prices. We note that econometric problems such as errors-in-variables that may arise in the Collins et al. (1994) model likely affect oil-related and non-oil-related components of ΔEarningst similarly, diminishing the severity of errors in β1 to β2 comparisons.
The sample size drops to 386,610 given the requirement of non-missing ΔEarningst+1. Table 4 , Panel A reports mean and median coefficient estimates of Equation (5). Median β1 is 1.734 and median β2 is 1.533. That is, an unexpected 1% increase in oil-related earnings increases contemporaneous stock returns by 1.73%, whereas an unexpected 1% increase in nonoil-related earnings increases contemporaneous stock returns by 1.53%. In other words, the market reacts more strongly (by about 13%) to unexpected changes in oil-related earnings than unexpected changes in non-oil-related earnings. The firm-and quarter-specific difference between β1 and β2, which we label Differential Reaction to Oil-Related Earnings (DROE) , has a median of 0.155 and is statistically significant at 1%. 10 In defining DROE, we choose to subtract β2 from β1, instead of dividing β2 by β1, because the more frequent outliers in ratio calculations and negative firm-specific betas confound the interpretation of the ratios.
Similar to the relation between β1 and β2, median β3, 0.756, is higher than median β4, 0.591. The difference is statistically significant. Percent wise, the market reacts about 28% more strongly to changing expectations about oil-related earnings during quarter t+1 than nonoil-related earnings during quarter t+1. The levels of related coefficients are comparable to their counterparts in Collins et al. (1994) . Also similar to Collins et al., the coefficient on E/Pt-1, β5, is negative and the coefficient on Rt+1, β6, is positive.
Sensitivity Checks
We perform the following tests to determine robustness of our results. First, we divide the sample into subsamples with negative and positive earnings during quarter t (112,933 and 273,677 observations, respectively). Median DROEs are significant for both subsamples, 0.083 and 0.209, indicating 34% and 8% stronger market reaction to oil-related earnings for subsamples with negative and positive segments, respectively. Second, we divide the sample into terciles of ΔEarningst. Median DROE are significant for low, mid, and high ΔEarningst terciles, 0.166, 0.123, and 0.156, indicating18%, 3%, and 15% stronger market reaction to oil-related earnings, respectively. Third, in order to address concerns on survivorship bias, we use only one observation, which is computed as the average or median quarterly coefficients of Equation (5), for each company. Median DROE remains significant and positive, indicating16% stronger market reaction to oil-related earnings. Fourth, the results are similar to those reported if quarterly CAPEX is included as a control variable, resulting in a reduced sample because of missing CAPEX data. Fifth, the results are similar if the sum of ΔEarningst+1 Oil and
ΔEarningst+1
Non-Oil , instead of these variables separately, is included as a control variable.
Finally, in order to investigate whether the findings are an artifact of a specific cohort of companies, we divide the sample into three subgroups, seasoned firms that existed in 1991, firms that were incorporated between 1992 and 2002, and firms that were incorporated after 2003. We use one observation (median coefficients) per company to equally weigh companies. Median DROE are 0.129, 0.255, and 0.521, representing a 6%, 14%, and 43% stronger reaction to oilrelated earnings for the above cohorts, respectively. In other words, the market reacts relatively more strongly to unexpected changes in oil-related earnings of newer companies.
Market Reaction to Oil-Related Earnings across Industries
Next, we analyze cross-sectional variation in how the market reacts to unexpected changes in oil-related earnings. The first set of results in Panel B of The second set of results in Panel B of Table 4 ranks median DROE across 20 SIC 4-digit industry sectors that are the most oil related in the sample. There is no discernible grouping in the market's stronger reaction among upstream, downstream, customer, and trader groups. At one end, the market reacts the most favorably to change in oil-related earnings for firms in Drilling sector, with a median DROE of 1.945. At the other end, the market reacts the least favorably to change in oil-related earnings for firms in Electric Services (e.g., utilities), with a median DROE of -1.474. 
Market Reaction to Oil-Related Earnings across Time
Determinants of Market's Differential Reaction to Oil-Related Earnings
The previous section shows significant variation in the market's reaction to changes in oil-related earnings relative to changes in non-oil-related earnings. In this section, we examine firm-specific and macroeconomic determinants of this variation. For each firm-quarter, we rank transform DROE, i.e., β1 -β2 in Equation (5), to range between 0 and 100 within the sample.
The resulting variable Ranked DROE, which is free of outliers by definition, measures the extent to which the market reacts more strongly to changes in oil-related earnings relative to changes in non-oil-related earnings. 12 We use the following model to estimate Ranked DROE:
Ranked DROEt = β0 + β1 Ranked Reactiont + β2 Ranked Oil Producert + β3 Ranked Oil Consumert + β4 Real Oil Pricet + β5 Oil Price Volatilityt + β6 T-Bill Yieldt + β7 ΔReal GDPt + β8 Shiller P/Et + β9 S&P Volatilityt + εt (6) Equation (6) uses the following determinants of Ranked DROE. The first determinant is the general level of market's reaction to unexpected changes in earnings, which is shaped by many firm-specific factors such as growth expectations and intangibles. Ranked Reaction is the sum of β1 and β2 in Equation (5), ranked to range between 0 and 100. The second set of determinants is the sensitivity of a firm's sales and expenses to oil prices. Ranked Oil Producer is the sum of β1, β2, β3, and β4 in Equation (2a), ranked to range between 0 and 100. The higher the Ranked Oil Producer, the more sensitive a firm's sales are to oil prices. Similarly, Ranked
Oil Consumer is the sum of β1, β2, β3, and β4 in Equation (2b), ranked to range between 0 and 100. The higher the Ranked Oil Consumer, the more sensitive a firm's expenses are to oil prices.
The third set of determinants is the level and volatility of oil prices. Real Oil Price is the quarterly average of oil prices normalized by the CPI index in 2008 dollars. Oil Price Volatility is the coefficient of variation in oil prices, which is computed as the standard deviation of daily oil prices deflated by the average oil price during quarter t. The fourth set of determinants is the macroeconomic outlook, as reflected in opportunity costs and economic growth. T-Bill Yield is the average of daily effective yields of T-bills with a one year maturity, obtained from the U.S.
Treasury Resource Center. ΔReal GDP is seasonally-adjusted change in Gross Domestic Product (GDP), obtained from the Bureau of Economic Analysis. The final set of determinants is the hype and uncertainty in equity markets. Shiller P/E is the average of monthly Shiller P/E ratio, which is calculated as a company's share price deflated by its average inflation-adjusted earnings during the last 10 years. Shiller P/E, also known as cyclically adjusted P/E ratio, is obtained from multpl.com. S&P Volatility is the coefficient of variation in the daily Standard & Poor's Composite Index (S&P index), which is computed as the standard deviation of the S&P index deflated by the average S&P index during quarter t. The S&P index is obtained from the CRSP database. Equation (6) also includes firm fixed effects to mitigate the effects of omitted variables. Standard errors are clustered by calendar quarters. Price Volatility statistics show that standard deviation of oil prices has an average (median) level of 6.3% (5.6%) of average oil prices in a quarter. Mean (median) one-year-ahead T-bill yields are 3.1% (3.4%). Real GDP increases, on average, by 0.6% per quarter. The mean (median)
Shiller P/E ratio is 25.9 (25.3). S&P Volatility statistics show that the standard deviation of S&P index deflated by its sample average has an average (median) level of 2.8% (2.4%).
Panel B presents Spearman correlations among variables of Equation (6 Price is positive and significant, whereas the coefficient on Oil Price Volatility is negative and significant. The market reacts more strongly to changes in oil-related earnings when oil prices are higher and less volatile. The coefficient on T-Bill Yield is negative and significant, suggesting that the market reacts less strongly to oil-related earnings when the opportunity costs in the economy are higher. The coefficient on ΔReal GDP is not statistically significant.
Finally, the coefficients for Shiller P/E and S&P Volatility are positive and significant, suggesting that both equity market hype and equity market uncertainty result in the market's stronger reaction to changes in oil-related in earnings.
Sensitivity Checks
We obtain similar-and mostly stronger-findings to those reported when we exclude firm fixed effects, use industry fixed effects, or cluster standard errors by industry, year, or.
Further, we obtain similar results when we make the following changes: (i) using a Ranked Net
Oil Producer, which is Ranked Oil Producer less Ranked Oil Consumer, instead of using these two variables separately, (ii) using nominal oil prices instead of real oil prices, (iii) using standard deviation of oil prices and S&P index instead of using coefficient of variations of these variables, (iv) using yields of T-Bills and government bonds with different maturities than one year, and (v) using S&P index levels or value-weighted CRSP index instead of Shiller P/E.
Conclusion
In this paper, we investigate the effect of changes in oil prices on performance of individual companies and the equity market's reaction to this effect. We find that a firm's sales and expenses, on average, increase with oil prices. On balance, however, a firm's earnings decrease with oil prices. The sensitivity of corporate performance to oil prices varies significantly across industries and time. Investors react more strongly to changes in earnings that are related to oil prices versus changes in earnings that are not related to oil prices. We label this stronger reaction Differential Reaction to Oil-Related Earnings (DROE) . We find that DROE is larger (i) when company sales (expenses) are less (more) sensitive to oil prices, (ii) when oil prices are higher and less volatile, (iii) when discount rates are lower, and (v) when equity market hype and uncertainty are higher.
Our paper contributes to and intersects the literatures examining effects of oil prices on the economy and stock prices. We show that oil prices significantly affect both revenues and expenses of individual firms, yielding a negative net effect on earnings on average. We also
show that the sensitivity of a firm's performance to oil prices has increased and become more volatile during the last decade, contrary to arguments by the U.S. Budget Office and numerous commentators including Alan Greenspan. Furthermore, stock markets appear to react more strongly to the earnings effects of oil prices, especially during the last decade, paralleling the increased relevance of oil prices on a firm's performance. ΔSalest is the residual of the regression of ΔRawSalest on fiscal quarter dummies (Q2, Q3, and Q4), performed using the 16-quarter window that ends at quarter t. ΔExpensest is the residual of the regression of ΔRawExpensest on fiscal quarter dummies (Q2, Q3, and Q4), performed using the 16-quarter window that ends at quarter t. ΔEarningst is the residual of the regression of ΔRawEarningst on fiscal quarter dummies (Q2, Q3, and Q4), performed using the 16-quarter window that ends at quarter t. Table 2 presents mean and median coefficient estimates and adjusted R 2 s of firm-and quarter-specific regressions of seasonallyadjusted changes in a firm's performance during quarter t (i.e., ΔSalest, ΔExpensest, and ΔEarningst) on changes in oil prices during quarters t, t-1, t-2, and t-3. Each regression uses a window of 16 firm-quarters that ends at quarter t. Total number of firm-and quarterspecific regressions is 416,947 in the sample. ΔSalest is the residual in the regression of ΔRawSalest on fiscal calendar quarter dummies (Q2, Q3, and Q4). ΔExpensest is the residual in the regression of ΔRawExpensest on fiscal calendar quarter dummies (Q2, Q3, and Q4). ΔEarningst is the residual in the regression of ΔRawEarningst on fiscal calendar quarter dummies (Q2, Q3, and Q4). ΔOilt is the quarterly return in Oilt, calculated as Oilt/Oilt-1 -1. Oilt is the average daily West Texas Intermediate Crude Oil price during quarter t. ** denote significance at 1%. Oil is seasonallyadjusted change in earnings during quarter t that is related to changes in oil prices.
ΔEarningst
Non-Oil is seasonally-adjusted change in earnings during quarter t that is not related to changes in oil prices. ΔEarningst
Oil (ΔEarningst
Non-Oil
) is computed as the predicted (residual) ΔEarningst of Equation (2c). ΔEarningst+1
Oil is seasonally-adjusted change in earnings during quarter t+1 that is related to change in oil prices. ΔEarningst+1
Non-Oil is seasonally-adjusted change in earnings during quarter t+1 that is not related to change in oil prices. The earnings to price ratio, E/Pt-1, is calculated as the quarterly income before extraordinary items scaled by market value of equity at the end of quarter t-1. ** denotes significance at 1%. Panel A presents descriptive statistics for Ranked DROE, the market's differential reaction to change in oil-related earnings, and potential determinants of Ranked DROE for the sample of 386,610 firm-quarters between years 1991 and 2015. Panel B presents Spearman correlation estimates among Ranked DROE and its potential determinants. Panel C presents estimates of firm-quarter-specific regressions, Equation (6), of Ranked DROE on its potential determinants. Each firm-quarter-specific regression uses a window of 16 firm-quarters that ends at quarter t. Ranked DROE measures the extent to which the market reacts more strongly to change in oil-related earnings relative to change in non-oil-related earnings. Ranked DROE is computed as β1 -β2 in Equation (5), Table 4 , and ranked to range between 0 and 100 within the sample. Ranked Reaction measures the general level of the market's reaction to contemporaneous change in earnings. Ranked Reaction is measured as β1 + β2 in Equation (5), Table 4 , and ranked to range between 0 and 100. Ranked Oil Producer measures the sensitivity of a firm's sales to oil prices. Ranked Oil Producer is the sum of β1, β2, β3, and β4 in Equation (2a), Table 2 , and ranked to range between 0 and 100. Ranked Oil Consumer measures the sensitivity of a firm's expenses to oil prices. Ranked Oil Consumer is the sum of β1, β2, β3, and β4 in Equation (2b), Table 2 , and ranked to range between 0 and 100. Real Oil Price is the quarterly average of oil prices normalized by the CPI index in 2008 dollars. Oil Price Volatility is the coefficient of variation in oil prices, which is computed as the standard deviation of daily oil prices deflated by average oil price. T-Bill Yield is the quarterly average of daily effective yields of T-bills with one year maturity (Source: U.S. Treasury Resource Center). ΔReal GDP is quarterly seasonally-adjusted change in Gross Domestic Product (GDP) (Source: Bureau of Economic Analysis).
Shiller P/E is the average of monthly Shiller P/E ratio, which is calculated as a company's share price deflated by its average inflation-adjusted earnings from the previous 10 years (Source: multpl.com). S&P Volatility is the coefficient of variation in the Standard & Poor's Composite Index (S&P index), which is computed as the standard deviation of daily S&P index deflated by the average S&P index during quarter t (Source: CRSP database). Standard errors are clustered by calendar quarters. ** and * denote significance at 1% and 10%, respectively. 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Figure 2 plots median ΣSales, ΣExpenses, and ΣEarnings, calculated as the sum of firm-quarter coefficients β1, β2, β3, and β4 from Equations (2a) to (2c) respectively. ΣSales, ΣExpenses, and ΣEarnings respectively measure the sensitivity of a company's annual sales, expenses, and earnings to 1% quarterly increase in oil prices. Figure 3 plots median DROE, Differential Reaction to Oil-Related Earnings, over the sample period. DROE is measured as the difference between the coefficients on change in oil-related earnings and non-oil-related earnings when the dependent variable is contemporaneous stock returns during quarter t (Equation (5). 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Figure 3: Differential Reaction to Oil-Related Earnings across Calendar Quarters
